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(54) HIGHLY STEREO REGULAR POLYPROPYLENE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject polypropylene exhibiting extremely high rigidity and heat resistance and narrow in mol.wL 
distribution by specifying the relation of number-average mol.wt. to melting enthalpy, weight-average mol.wt.. and the like. 

SOLUTION: This highly stereoregular polypropylene has (A) the relation of number- average mol.wt. (Mn) to melting enthalpy [AH(j/g)] and satisfying 
the inequality: AH^ 131 .85(Mn)-0.071 5-2.0. (B) a main elusion peak half width (by a temperature-programmed fractionation method) of ^3° C. (C) a 
weight- average mol.wt. (Mw) of 10.000-700.000. and (D) an Mw/Mn ratio of 1.0-3.5. preferably 1.0-2.5. It is further preferable that (E) the absence of 
a different kind of bond caused by a 2. 1 insertion reaction and a 1, 3 insertion reaction and (F) the absence of a double bond at the molecular 
terminals are confirmed. 
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( 1 ) (2) COC^n^PCCfS^CD^SL^^M^ 
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AH £13 1. 8 5 (Mn) -••■"» 
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Hifflt-SO-C, #¥£j«HPS (Mn) ii*Mx>^ 
Jl/f-AH<fcOB8«**«)&C4!:«:J:«3. ^ OPPJ 
ttmcim^. I4Mx>^;Uf-AH^^t^ 

[0012] JECc, &$mic J: SSLtKBIUtttf f 

- (HPLC) 0«SaS*<c*-^#, aK£iSK©EH& 

fiP^, J^'jv— 3. 75mg^l35'Cro 
-^*PP^>-tz>2 0m 1 ^Sil¥Lfc^>:/;U£/B 
l\ *7 AA(CjRI4iSiK«r 1 3 5 'C<D^T"C2 m 1 

A«, i o*c/h r rltitMi-c^ y 

2*J^5&iT£-fc*\ o -^i7DP^>t'>^2m 1 /m i n 
{CtaALW6^7AS^2 O'C/h r -C^U$i± 

ST£C ±CCJ:oT3£#>£ 0 27^A&2 10. 7 mm0 x 
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(mmmm) ^9 9%t(±, 
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[0 00 9] 
-2.0 ( 1 ) 
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J± (Mw/Mn) ^X<OX *> r^mc^tctfJ^^- 5 
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[0016] *&mtt%z>AL{£Mm&.# y ?*p t* u>o 
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co^Ft^CS)<D-»^^^^^ ? y F#^ ( r r r 

r) *y ^'uei/^ifiO^Pfl/^yv- 

F#* (r r r r) 

><D1tt£(8>te:. ^ * ^-*<>£ * F4*^ ( r 

rrr>#0. 1 %«T^A* C <tr**K »* 0< tt 
0. 0 8%OT, *$icJr?£L<< &£0. 0 5%J^Tr£> 

[0 0 2 3 ] &nw<DiL#8ffll&# y fc' W>«_b*S 
ll^l^^fflc^l^fl ft&tifcspy^n 

**fflji«fc^of*©*w*JBi»/fc#y*u7 ^ xom 
a^sibr«, (A) ( a ) ^ ^ >it&m, 
(b) ^^^^^A{t^3. (c) sT^^mjJ:^ 

MteE^i, (B) ffflr/^^^A^i, sewecjce 

CT (C) W^^^^fh^i^e^^M^fccfc^o 
c i ] ^M^^ 

(A) H»«^^>«t«lfiS^ 

S^*^*T5tor*0, i^T<0 (a) 
it&W, (b) (c) ^^g^# 
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SrTrrTo ±fB<D— ( I ) t^^^^f * >it&W<D 

F -7- n -T/PrK* ->^£>, r* F ^ V 

4vzf F*i^£>, fh7^^n^^n + y?^ 

H«ffc**>, EH#lfb^£>. 03«)ftf^>f0 

F. ih^^^>F '^ny F\ :7"P;F^>?-£> F 
■J^P'JF, n - ^ F y *u y K\ 

^^>h'J^n^ K^ccd F y ^p*-'>fbT jUp^>^ 

i^pyF\ 2/-f v:/iai|**s^$r>5^ay F. > ? - 

F^ot^a^Wb^T^P*^^*:^ F 1 ;^ 
F=*rS^#>^p y F\ h';xf+^f^>^pyF, 20 
F y^v^D^->^3r>^a y f\ h y -n-^D* 
+^^>^p>; f\ h y -n -yb*is?z>?u y 

F W<D* -/ ^P y ><b F , i7/l'3+ , >?^>^ £€r«W 

ft^tt* teeceafwb* 1 cti^>o^^> 

(b) 7^S/^AM 
vn^OA{k^ft{J, — (II) 

MgR J R J (II) 30 

[0 0 2 5 3 ±ffiO— teS (II) ic*ji»T, r 1 sc^ 
R 3 Kfb***> OR 4 S (R 1 ttRfb***) , 
X«^n^>M^^To *«3»0<», /£{b*5RX<t 
OT, — 1 2ffl<0T^=^l/», ^^P7^ 

ry-;H, t^*;uss§e^ or 4 lilt 

R 4 ^^1-12I©7^;H, ^^PTJl 

^^S. ry-;us, r^*^^^ ^n^JBH 1 

fc, R z &t>*R 3 te. PI— m^otW^, 40 
[0 0 2 6 ] _bf£©— «5£ (II) r^hiv^y 

tt-f^fr-^tf^lsV A, ^^^^;l/-^^^->^A H ^aff 

A, Vis 9u^*ris)V^? 
F^^y^^A. ^xF+yv^y^, ^ 
7'P^yv^y^A, %?zfY *ls*?J*. v> 

A v Sy^x v>**y-^4/*>"y"A, ^V'^P-'^V'P + V 50 
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^^y^A, x^l/7^y-)A^P>iF, 
ny-)A^p'JF. '^i/A^y*^ a^p y F\ 

->^A^P'J F, t - ^is^O J* t7U*J F, 7 

x^n^A^D^F, > ^ ;b y ^ i/ ^7 A ^ 
ay F, x^ a^p 5 F, 
^ A^P 5 F\ ^^x;u-7^>ey^A^p y F\ 
T^^^^A^^^-f F\ ^F^^y^A^P'J 
F\ ^^n^^vo^i/vy'^^^A^o'; F, r?*-/ 
=*f ->-7^^^>^a^p y F\ x h^>7n^A^n 
5F, T'F^^y^A^asF, xF*^^* 
yvA^t^F, Jfrffc^y*i"*A, IMfcv^*^* 
A, 3^<tv^i/'jA9»t«ci*Jr**. 
[0 0 2 7 ] ilBOvn^^Aft^i, -£m-7#* 
^"y* AXfct^ ^ * ^ a T S^fb^B!^ 6HS*r & 
c<L2>n*#£ w -fiium :&ji^2 r *->'y-A«:^p 
V^VlWElV— JKSCX 1 „ M (OR J ) n . B rt$n57 
;^+vlM{b^ (S*, X 1 tt*3RJBH\ Apy 
1-20 ffl<DRffc*5R»*^L , M« 
mM, TJ^x^A, dr^JRX«y>JB^*7S 

Lv $/cr s u&mm i - 2 o m<Dmtfcmm*7jk-r. 

[0 0 2 8 ] ±U<D^u?^tWtCXte. Wt&lttrJ 

tmttirjm. ami**. H*ft*x mtfcm 

c>. ±lscDX a ^R s ©Kfb*««iut«, 

-fv^^uS. ^=*f->;l/S s t^f;^(?)7;i/^ 

^ y ji>MW<dt -y^^^-jv^ 3 - y ^ ^-^7' 

pf;Hf(D77^+;Hf^tfiDh^ 0 Cft^cD* 
TttWCCRjRa 1 — 1 0ilOTJl/^;V^»^Ul^ ^ 
tc—m±L-C % Ms (OR 4 ), t?I$^7nyyA 
7;b3 + l/ft4« R* ^^1-20{1CO 

[ 0 0 2 9 ] ±iSCD^Py>{b^<bCT&*. ±f2<bHC 
-c^^o ±tecDR 6 i tt«, x^;H, y 

ptvuL ^yr7*pb';i/L t/^HS, -^v^^;u^ s 

7'JJH, ^P-:x;US. ^t-x;U^^cot;U^ 
x;l/^ v 7xx;H, Fy;US, iry 'JiUfWi- 

l 0ilO7;^;H#»*li». 

[0 03 0 ] «±co-7^->^ A^b-&«j«#arffli»r 
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£^ri/Tfc<fc< , Al. Zn, S i 3$<Di&(D&m7zm 

( c ) m*fm<* 

ey*f*-t\ r>*~7\ r 5 xhy;u % >fvvr^ 

[003 1 J JUttWctt, t7*l/>-l, 

2 -^*7;l/^>&, -^^^u>-2, 3-i^^;U^> 
». 5. 6, 7, 8-f , F7tFnt7^l/>-l 1 2 
-isi3>\>#>m s 5, 6, 7, 8-f F7h Knt7 # 
U>-2. 3 4 , 5 -Vio 

5. 6 -Vt!)V7$ZsmM<DisJj)V 
tfis&OM^fo. x^;k n-:7'Dfc;Vk -fy^of 

n-^^JU. -fV^^-Jk t-^^Jk n-^>^ 
;k l-y^;l/^;k 2 ^UT/^k 3-^^;u 

l. l-^^T'ob^k 
;k 2 -y ^;u^>^;u. 3 ^u-o^Jk 4 - ^ 
^-jb-o^k l-x^^Jk 2 -x^-u^^k 
n -^\=^:>;k ^^n^^i^Jk n - ^:?'^;k n - ^ 
^Jk n-^x;U v 2 --rf^U'^^k 3--^f^ 
^=£i^k 4 -y^-Jl/^^ -»k 2 -x^jl/^^^k 
3 -x^;l/-v=^;k 4 -x^l^^i^k 2->^;l/ 
■^>?-Jk 3 -M f-JWO&Jl* 2 -x^l^V^k 

3 -x^;l/^>^;V^cD^r^^^x^T-;l/^^tf 6n 

[0 0 3 2 ] co^ffctffi: t^rra, ^^;U^^-n-^ 
;k 7 #;l.«^x*;l, L<^f ^CiW^ 

(B) fiTi^x^A^ 

a, h'J^yyat'ii/TJ^x^A. h»;-fv^;uy 
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Jl>~7 Jl> ^Oa, ^xfmsx^A^y^a'jF, 
^7;^x^A^y^ay ^t7^7J^x^A 
F\ x^;i/7;^x^A-fe^^^D'; F^07;i't;i'7 

W«7;^x^A<t^(D*tlt ^$U-5flS<D{& 

10 h;^5 : Jl/7;l'5^^A, F Vxf;l/7il/5x.^A, h 
'j^n t'ji/y ;u ^ x ^ aso' F U -/y^ WHx-) 

Art*#£Ut>. £/t, Ch^^WHrJl/^^Ajt^ 
(C) W«4r-f*ftA«l 

20 [0 0 3 3 ] CCD^W£ — ®5£R 7 s S i 

(OR*) 4 .s -C^$ti^^^^x^T-;l/^^^C<h^ 

7 ? ;--ii/S, TJi/^x;i/S x ;>>ny;t/^;i/^ 

3&^W6ti*. £/t. R 8 ttgl-fbfcRSfc^U TJU* 
^^Dr^fiH, 7V-;H, 7;i/^^;H, 

T Jl/ a * UYfo^frW&tf&il ibtlZ. sBOXBl- 
3<MKR***r. R 7 XteR 8 9VIKKfl«&«««. * 

[0 03 4] ^/-c, ->n=^if>^ x ^;b7K>^o->y ;u 

FVy^^F+^>7>, h M ^JUx h^->-> 
i/y^i/y F+i/^7>, i/^^;l/i/xF^>' 
->^> v ^7*x;i/i^y h=^^^-7>, y a:x;u 
^F^^>7>, i;7xx;^xh+^^7X 

^F^^>7>, tst>v^is)l>- 1 , 1, 2-F'i 
y^;i/7'at'ji/^ F^^>7>, a-t7f;i/-i, 
40 1. 2 - F 'jy^^Dt';^^ Ft'>^>7>, n -f^ 
F "7"fij^)V- l , i, 2-F , ;^^;i'7'nt , Ji/^y F 
^^>^>, i/^D^>^;M?;^^ F^^>7>, 
t/^a^>^Ji'X5 : -ji/i/y Ft^>7>, ^^a^>^ 
;l/7'nt'jl/^ F+^>7> 4 ^>^p^>^;1/- t - ^ 
?)\sZsst h*ris^^>, isZU^l/^Jl- I t 1, 2- 

his* F ^^>^^>. tx^a-^>7 c ;i''>^n^^^;u^ J 
y F ^ f> > , t F ^ v->^>, 

so ;^F^7>, i/-t-^;WK^>7 



XL 

>^>^>. x^;i/h 'J ^V^*n^^^^>'7>, trx;U b 
>. V^U fcTJl/- t -yV^isJ V Crisis ^9 

n^>^;u- t h^^>^ b=^>->^>, l, l, 2 

x^'» tr— ji^ b v^r-fe b*>->^>, 

y^n^ b^x b^>^>n*-F >*§e#W 6*i& 0 c 

[0 0 3 5]^^ ^^k^ttiOtiJ, Si- 

<b) v^^>»j7A{L^, (c) n+m^i*. 

R&J&micfcCX (d) ^n^^^b^il^co^T 1 ^ 

[0036] ±&<D*$>ik^<D&.mmte. Jbieco^ 

ST. 0. 5^10 0tJk ff*0<tt, l-50^t;K7) 

*tur, ii^, o . oi-io v < te, o . 

0 5 — 1. O^JMDffimcr&t JZ^ 0 £6&C. /M3£* 

co o 3 7 1 coimmmit. mn. -20-200 

"C\ ff$l<^ 2 0-1 5 0°CCD|iEHCCT'5i^:< . 

^MBSfyns. aw. 1^-2 4^Fia. »*L/<«. 10 

C<O^RSttSa<!:U"Cii, n -f V 

^>£>, n-^=^1f>, n-^:7*£>. n - 4* £ 
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[0 0 3 8 ]^^ * * >ft^»0*M* 2 HfeLLff 

(iii)i^ 

««©jss»<offifla*ccoc*'rw % (a) js^oB^ftHi 

ttSaWJll^tl, (B) J5fe#<D*r«TA> 5 x^ A^fb^B? 

w\ r ^ s x ^ ax ^ £ >jj§w-tt:#a« l — iooo, 

5. ifc, (C) ag»OS^«#tt^fc^»63: % (OH 
^?«*tt^t^«W/ <B) W®r;HxH;A{l:^;H:b 
ifi. aSO-5 0, Sf^L/<«0. 0 1- 2 0O« 

[0 03 9] ^ffcBJfCfctt^U:? ^ ><Dfi^6C*Sl,>T 
^S^^rtf oTfcja*. C©»£\ tufa (A) @# 

nmm&. < b ) w^r^ Aft^^o* <o m 

fcBKOffaTtc. x^u>. ^at'i/>, 1 

1 -^^-b>^CD^U7 >^ril^l — 1 0 0°C<£>S&H 
<Z)ta^Ci5^r. ^E^^L5 0kg/cm z Gll^co 
JE^-C^«m^?-l±, ^C^"C (B) *5<fct>- (C) 

, mmm^. o-m^. msm^. ^n?m^ 

[0 04 0 ] ^ecc, JSje*fl=CCOCir«. -^CDS^IE 
«fCC*JI®«&< , MS. 7^mJE-2 OOkg/cm 

2 G, !f^l<}i2-80kg/cm J G s S^iSS 

1 0 — 2 0 0 "C, &± Is < {J. 4 0—100 

T**l»3»s, aW. 5#-2 OBSFSL J!r?$0<«, 10 

^- 1 o^fis-c^^o. 

[0 04 1 ]*^ SSffl^, ^ ^ -M^^rWlCCT^ 
^ >, V^>^>, n-^^1^>, n-^^^>, n 
•te*>, h;ux>, +->u>&(5:07?#»l»^b**X«C 
50 « % n --s^dr^Jff* Ul^ 



13 

[0042] fr*mu. mm$hffl<Dmu, w as o < « 

tC*$^^«4«Wc*5COCir«/ (A) JSS^i (B) 
t <C) iS#£*«S©»&"Ca&U &M3-&*:0 

<U>U &fefef&. 0. 2-3^PI?iEM5^0^, 
*u:7 ^ >*a»Ai/-c*^*ff ^r4><£i>. 3e>cc, c 

-cm:, a^s^6a»ms*is#i;v-tt*cc % 

*»9icr)SS:f*«IiH4^';^nt:u>«, as* ±is<d 
filter f# 6 n/c^< y eu>*»Kfflad8Jtsc 

[0044] #HWfffltfW5fl«:, IB 1 CCtST <fc 5 

«MWa»«HKH«cTfr9 cim^. 

[0 04 5] 

P. -fe7^F#5 6 0, S^Vft^U*^*© 
[0 046] COPg. ^9SJS6i, 0-135 

-20g*o-S/^oa^>^> (BHT5 00 ppm 
^St^ 0 «TEJ«rc*£. ) 2 0 0m 1 ^ 1 3 5 °CCC"C 

jaw-rs. c©«»E«r^B««^ii«a^aA«. 3 0 

-^aa^>-fer> i o m 1 /m i n-Ca£j8l/*3&*6 1 
HJL »*0<»5l»IBJaJ:fi»r*. :7^*^s>a 

[0 04 7 ] 



(8) 1 1 - 1 0 0 4 1 2 

14 

(1) Ct?} : ^yxcSWLi 3 5-crw 

(2) SIS*)5Mfe* : J I S K7 1 1 3(CiSt;T«fi£ 
CUftWIl -4D 

( 1 ) m#nmma<Dmn 

io 1, ^iht^vn^^A4. Ogr (3 5 5»;^e;u) 

^;H3. 2 s y%ji/&85AjLfc. C(DM^8 0°cr 
5l#»*H«fl:**>*l 1 6ml (1. 0 6 

*n*. rtiai i o-c-c, 2«na^orfii«ftf¥ 

7c. £6CC, 116ml ( 1 . 06^: 

an*, mi i o°ct\ 2^affit2©@^ 
a»*m*. mmmfizfr&mc. (^^^mm= 

20 1.21 11%) 

(2) 7'Dfl/>X7'J-l^ 

-^**»(e«u, ajHStoa, wwcra*«io 

A2 . o ^ y^;k i/'>^a^>^^Wh+^>7> 
0. 2 5 ^ V^JK ±E0Btt«HKffia&T iI^«S 
"TO. 0 0 5 ^ y^;HD^, §gt4 0 0 r pmrSff 

r^OfU^?AlWe>8 0U M8kg/cm 
30 2 GSrf^El, ^E^^r^bt. 6 0^11 

L, 2 y ? Hi/©^*^— ;wcSAL, ^■J7'at'i/> 

# y :7'C2 b'b>183g £?#/c 0 

( 3 ) frmmu&&i 

±l20DS^icrt#6n/c^y t , b^^^2 o * 
£o -^*aa-<>-tz>2 0 0 ra 1 *n 1 3 5 "CCcrSJB 

r^o c<D^^iS(^^siJSS©'>y^^;u^a^ 

7A (100iQm</)X30 0mm) ^?iAfl 3 0'C^ 

i?pa<>-fe'> 1 0 m 1/m i ntlit>^^6 3 0 *C 
3^6 1 O0'C$"C6OOT{CT^L, 1 B*Rg«J*l/3fe 
f*. $6JC 1 0 5'C*r5»WCcr^fiL^ 4fl$lffl«f* 
0/c„ |dJ*3S$c\ 1 1 0 "C, 1 1 5 *C, 12 0U 12 2 
"C, 12 4°C. 12 6°C, 12 8-C©«fl**r5^B 
CC-CSSU 4^m«J#*»0igL/c. 12 2U 12 
4'C, 1 2 6*C, 1 2 8 T©^i&^C:fo(,>T:7^ ^> a 

>=2 u^^-tCcfc^^lxc/c^y y'u fu>7g^^r2 y 

* h;Ko^^-/-^^affu^c3W6»p^.rsa:L, mm 
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( 1 ) H(*««^©S3» 

(2) 7'Ofl/>^7'J-l^ 

7k*SB0ia*ffi*3. Okg/cm l Git/cH»« 

( 3 ) anmiMij 

j»KUC« 1 1 5 *C, 12 0'C. 1 2 5 °C£ L/cfeW* 



(9) ¥$PfW 1 1 - 1 0 0 4 1 2 

16 

^SlgiC/Tt. 

<&EE£0. 3k?/cm J G £ LtcMftte CUfifetftf 1 3 
[0 04 8] 

* [an 





2£fc#|l 


nm\2 








mmms 




Jt^Ml 


±fc«#]2 




i 2 2t: 


1 2 4r 


1 2 6-C 


1 2 


1 1 5*C 


i 2 ox: 


1 2 5*C 








C 77 D (dl/g) 


L 45 


1.57 


2. 15 


2.60 


0. 61 


0. 89 


1. 11 


1. 37 


2.58 




Cmmmm) (%) 


99.1 


99.5 


99.5 


99.8 


99.1 


99.3 


99.3 


97.9 


98.2 




(rrrr) (*D 


0. 05 


0. 05 


0.03 


0.01 


0. 05 


0. 03 


0.01 


0.37 


0. 30 
















































136.000 


185. 000 


286. 000 


370. 000 


58, 700 


122. 000 


147. 000 


190. 000 


352. 000 






86. 100 


109. 000 


154.000 


191. 000 


35. 200 


64. 400 


86. 000 


47. 300 


69. 000 


i 


Mw/Mn 


L 58 


1.70 


1.88 


I. 94 


1.57 


1.89 


1.71 


4.02 


5. 10 


| 


AH (J/g) 


112.2 


109.6 


108.1 


108.0 


U7.3 


115.8 


115.6 


107.2 


104.3 




121.8 


121.8 


122.1 


122.8 


121.8 


121.8 


122.1 


120.2 


120.4 




#2&#sw<iSGs <*c> 


2.8 


2.8 


2.7 


2.6 


2.8 


2.8 


2-8 


3.6 


3.5 






0. U 


0.14 


0.14 


0.14 








0. 14 


0.14 




?|$#tSfe*S (MP a) 




2500 


2460 


2430 


1 " 








2310 



[0 04 9] 

[»»©as*3 ^wcccfco, ^-c^c^itt, mam. 

[■IBOIHtttflMl] 



(10) 



mmW- 1 1 - 1 0 0 4 1 2 



m i ] 



8IH 



I to- 



ll 1< 



3-. 



l-*7i, 1 a - JBAtt. 
5 6 -3£a*>r. 



2.00 



[02 3 

JR2H . 




92.0 103-0 



124.0 140.0 



